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AB STRACT
The aim of the study was to ana lyze the in flu ence of ster ili za tion con di tions on the rheo logi cal prop er ties of gels con tain ing poly acrylic
acid de riva tives (Car bo pols: 974P, Ul trez 10 and Ul trez 20). The gels util ized in this study con tained 0.5% (w/w) met roni da zole, an ti pro -
to zoal drug (model drug sub stance). Their rheo logi cal prop er ties were de ter mined: flow curve, yield point, ap par ent vis cos ity. Moreo -
ver, a sta tis ti cal analy sis of fac tors (poly mer type, poly mer con cen tra tion, ster ili za tion by auto clav ing) was un der taken, and their im pact
on vis cos ity, yield point and area un der flow curve was as cer tained. Among this poly mers, gels com pris ing Car bo pol 974P were the most
sta ble to ster ili za tion con di tions.
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INTRODUCTION
Car bom ers are a group of poly mers (con sist ing of acrylic

acid) widely used in phar ma ceu ti cal tech nol ogy, where they
are em ployed as: emul si fy ing agents, dis per sion sta bi liz ing
agents, modified- release agents, sus pend ing agents and
viscosity- increasing agents [6]. These poly mers are very
popu lar in semi solid for mu la tions due to their low tox ic ity
and the rela tively low con cen tra tions in which they are used.
Among these Car bomer for mu la tions are the many com mer -
cial oph thal mic prod ucts avail able to day (eye drops and
gels). Such vis cous eye drops and eye gels are used to ob tain
pro longed con tact time to the cor nea and to sus tain the re -
lease of API. In this em ploy ment, the resi dence time of the
gel in the con junc ti val sack, is not only re sult of in creased
vis cos ity (high vis cos ity in duces ir ri ta tion), but is also due to 
the ef fect of ad he sion to the mu cin layer of the tear film (mu -
ocad he sion). Bioad he sive poly mers (in clud ing Car bom ers)
are, there fore, pre ferred in oph thal mic for mu la tions and in
drugs for any other mu cosa [5].

One of the fun da men tal phar ma co poe ial re quire ments for 
any oph thal mic prepa ra tion is ste ril ity. The most ef fec tive
method of ster ili za tion of wa ter so lu tions is by way of steam
ster ili za tion in an auto clave. How ever, not all poly mers so -
lu tions may be treated with this method of ster ili za tion e.g.
hy droxy pro pyl cel lu lose, car boxy methyl cel lu lose so dium,
can not be ster il ized by moist heat. In pre vi ous re search, it

has been noted that Car bo pol-based gels have dem on strated
mini mal vis cos ity changes dur ing ster ili za tion. How ever,
the lit era ture data is based on stud ies us ing Car bo pol 940,
934 or 974 [6, 7], and these come from the 70’s- 80’s of the
past cen tury [1, 4]. There fore, we have in ves ti gated the ef -
fect of ster ili za tion on newer poly mer va rie ties, namely
Car bo pol Ul trez 10 and 20.

MATERIALS AND METHODS
Poly mers Car bo pol: 974P (C974), Ul trez 10 (CU10), Ul -

trez 20 (CU20) Lu bri zol Corp. (Cleve land, USA) were
ob tained from S&D Po land, Man ni tol, NaOH were pur -
chased from POCH (Gli wice, Po land), ben zalk onium
chlo ride was pur chased from Pharma- Cosmetic (Kraków,
Po land), met roni da zole was ob tained from ZF Pol pharma
(Sta ro gard Gdański, Po land).

To pre pare a Car bo pol gel, the re quired amount of the
poly mer was dis persed in an isoos motic met roni da zole 0.5% 
(w/w) and man ni tol 5.0% (w/w) so lu tion. Dis per sion was
neu tral ized to pH be low 7.0 by add ing a NaOH so lu tion 10% 
(w/w). Ben zalk onium chlo ride was then used as a pre serva -
tive with fi nal con cen tra tion 0.006 % (w/w). Af ter 24h, the
pH was ad justed to 7.0. Af ter this, the gels were auto claved
(121°C, 20 min., 101.4 kPa). Data was col lected be fore and
af ter ster ili za tion. 

The rheo logi cal prop er ties were meas ured by us ing a cone
and plate ro ta tional rheo me ter Rheo test RN4 CS CR (Rheo -
test Mess geräte, Med in gen, Ger many). A cone K3 with
a diame ter of 36 mm and an ap er ture an gle be tween cone and 
plate of 1°, was used. The meas ur ing sys tem was ther mo -
static, the tem pera ture of the sam ple was 20°C. 
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The CR mode was used to ob tain flow curves (0 to 100
1/s), while ap par ent vis cosi ties (η100) were read from flow
curves. The area un der the flow curve (AUR) was cal cu lated
with Ki netica 4.2 soft ware (Thermo Lab Sys tems) (some
authors, how ever, opine that this fac tor can be more sen si -
tive than the vis cos ity value [8]). Moreo ver, the yield point
was meas ured by way of the CS mode. Data was col lected
be fore and af ter ster ili za tion. The ob tained re sults were sta -
tisti cally ana lyzed with Sta tis tica soft ware (Stat Soft).

RESULTS AND DISCUSSION
CU10 and CU20 be long to the new self- wetting poly mers 

group. Because of the at trib utes  ex hib ited by this group,
they shorten the time of prepa ra tion of the dis per sion, and
con se quently, the time of prepa ra tion of the gel. The spe cific 
prop er ties of the Car bo pols re sult from their cross- linking
ef fects (the type of cross- linking sub stance, the den sity of
the bonds), the sol vent used dur ing syn the sis and the modi fi -
ca tion of the mole cule (ho mo poly mer, co poly mer). C974P
is a ho mo poly mer cross- linked with glu cose and al lyl ethers
of pen taery tri tol, the den sity of these bonds is de fined as me -
dium. CU10 is de fined as a car bomer ho mo poly mer or
co poly mer that con tains a block co poly mer of poly eth yl ene
gly col and long- chain al kyl es ters. The den sity of bonds is
de fined as high, whereby pre pared gels are char ac ter ized by
high vis cos ity. CU20 is a long chain al kyl ac ry late co poly -
mer with a modi fied mo lecu lar struc ture that gives it an
am phi philic char ac ter and in creases its re sis tance to ions
[3, 7]. 

These gels ex hibit non- Newtonian, plas tic flow prop er -
ties (Fig. 1 and 2), with yield point be low 70 and 30 Pa for
gels with poly mer con cen tra tions of 0.5% and 0.25% re spec -
tively.  To study the sta tis ti cal sig nifi cance of dif fer ences
be tween mean val ues of the vari ous rheo logi cal pa rame ters
(yield point, vis cos ity, AUR), mul ti fac tor ial analy sis of vari -
ance was per formed. In do ing this, the si mul ta ne ous
in flu ence of 3 fac tors on rheo logi cal prop er ties were ex am -
ined:
– type of gel ling agent (C974P, CU10, CU20),
– con cen tra tion of gel ling poly mer (0.25% and 0.5%),
– ster ili za tion step (non- sterile NS, ster ile S).

The ad van tage of mul ti fac tor ial analy sis of vari ance is
that it pro vides the abil ity to de tect the pos si ble ef fect of in -
ter ac tion: that is, the co op era tion of the ana lyzed fac tors on
the re sults of the ex peri ment. In this re gard, nor mal prob abil -
ity plots and the nor mal ity test of Shapiro-Wilk (p > 0.05)

Fig. 3. Mean viscosity value of prepared gels

Fig. 1. Flow curves of 0.25% Carbopol gels

Fig. 2. Flow curves of 0.5% Carbopol gels
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con firmed the ab sence of sta tis ti cally sig nifi cant de via tions
from the em piri cal dis tri bu tion of the theo reti cal dis tri bu tion
func tion of the Gaus sian as de scribed. Fur ther more, the
ANOVA analy sis of vari ance was em ployed to test av er age
vis cos ity gels (D = 100 s-1) ac cord ing to the men tioned ear -
lier three fac tors. This showed that there are sig nifi cant
dif fer ences in the mean val ues of vis cos ity of the for mu la -
tions tested, due to their ster ili za tion in an auto clave. These
dif fer ences are also a re sult of us ing dif fer ent types of Car -
bo pol and their vari ous con cen tra tions in the for mu la tions.
Thus, all three fac tors af fect the av er age val ues of the ana -
lyzed de pend ent vari able (p < 0.05).

The in ter ac tion be tween the three fac tors ana lyzed did not
oc cur. This is evi dent in the this value of the rele vance co ef -
fi cient (p > 0.05) and in the par al lel lines on the graph as
shown. Thus, these fac tors are ad di tive. To ex am ine which
of the con sid ered av er ages are dif fer ent (analy sis of the dif -

fer ences be tween the av er ages of each group) mul ti ple com -
pari son tests were used, the so- called ‘post- hoc test’. These
meth ods are use ful in clari fy ing the na ture of the dif fer ences
de tected ear lier by analy sis of vari ance.

Post- hoc test re sults re vealed the pres ence of ho mo ge ne -
ous groups within the data. Each ho mo ge ne ous group is
com prised of the for mu la tions for which the av er age vis cos -
ity val ues are not sig nifi cantly dif fer ent from each other.
A Tukey test showed that for for mu la tions made on the ba sis 
of C974P at a con cen tra tion of 0.25%, there are no sta tis ti -
cally sig nifi cant dif fer ences in the mean vis cos ity of  the gels
(NS and S). Moreo ver, the ap pli ca tion to the cal cu la tions of
the more con ser va tive Scheffé test, in di cates that ster ili za -
tion does not cause sig nifi cant changes in the mean vis cos ity
val ues for for mu la tions made on the ba sis of C974P con cen -
tra tions of both 0.25% and 0.5%, and in the case of formu-
la tions based on CU10 poly mer con cen tra tion of 0.25%. The 

Fig. 4. Mean value of yield points Fig. 5. Mean value of AUR
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Scheffé test, be ing more con ser va tive, main tains the null hy -
pothe sis, which shows no sig nifi cant dif fer ence be tween the
av er ages. Bin dal and al. (2003) have how ever, ob served a s -
mall in crease of ap par ent vis cos ity in Car bo pol 940 gels
af ter ster ili za tion, but their ex peri ment was per formed on
small poly mer con cen tra tions (0.05%, 0.075%, 0.1%) [2].
Higher poly mer con cen tra tions in this re gard, pro vide dif fer -
ent re sults, be cause their poly mer chains can not freely
con vert to un coil forms [3].

In re gard to an analy sis of the yield point, both the Tukey
test and the Scheffé test showed no sig nifi cant dif fer ences
(for for mu la tions made with the same con cen tra tion and
type of Car bo pol), be fore and af ter ster ili za tion. The dif fer -
ences, which were re vealed pre vi ously in the con ducted
analy sis of vari ance ANOVA, there fore, re sult from the dif -
fer ent grades of Car bo pol and theirs vari ous con cen tra tions
in the for mu la tions. 

The analy sis of the AUR Tukey test showed that for for -
mu la tions with 0.25% C974P, there are no sta tis ti cally
sig nifi cant dif fer ences in mean val ues of AUR (NS and S).
On the other hand, the Scheffé test in di cates that ster ili za tion
does not cause a sig nifi cant change in the av er age value of
AUR of for mu la tions of both 0.25% and 0.5% C974P, and in 
the case of for mu la tions based on the CU10 poly mer, at
a con cen tra tion of 0.25%.

Fur ther more, gels con tain ing C974P were the least sen si -
tive to ster ili za tion among all the tested for mu la tions. C974P 
gels con tain ing 0.5% poly mer are also char ac ter ized by hav -

ing the high est yield point, whereas, CU10 and CU20 gels
with 0.25% poly mer con tent do not dif fer in prop er ties.
Analy sis of the AUR gave simi lar re sults as the analy sis of
vis cos ity value.
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